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[57] ABSTRACT 

A semiconductor integrated circuit device and a 
method of manufacturing the same, wherein an MIS 
type memory transistor of a two-layered gate electrode 
structure is formed on the surface of a semiconductor 
substrate, and an MIS type transistor for a low voltage 
having a comparatively thin gate oxide film and an MIS 
type transistor for a high voltage having a compara- 
tively thick gate oxide film are formed around the mem- 
ory transistor. 

8 Claims, 28 Drawing Figures 
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SEMICONDUCTOR INTEGRATED CIRCUFT BRIEF DESCRIPTION OF THE DRAWINGS 

DEVICE WITH MEMORY MISFETS A ND TH IN FIG. 1 is a schematic plan view of an EPROM device 

AND THICK GATE INSULATOR MISFETS according to the present invention. 

5 FIGS. 2 and 3 are sectional views each showing the 
BACKGROUND OF THE INVENTION principle structure of the present invention. 

FIGS. 4 to IS are process sectional views of steps in 
This invention relates to semiconductor integrated • method of manufacturing an EPROM device ac- 
circuit devices in general and more particularly to an cording to the present invention, 
improved EPROM (Electrically Programmable Read w pIGS 19 tQ 26 ^ proC ess sectional views of steps in 
Only Memory) device, and a method of manufacturing met h 0 d of manufacturing an EPROM device 

the same. according to the present invention. 

In general, an EPROM device is constructed of a pjQ 27 is a plan view of a memory array portion 
memory array portion and a peripheral circuit portion, accor ding to the present invention, 
such as input/output circuitry and X-Y decoder cir- l5 pT Q 28 is a sectional view taken along B— B' of the 
cuitry, which are formed on the major surface of a memory- array portion shown in FIG. 27. 
single semiconductor substrate, the memory array por- T1VT , T ^ V7 „ ' _ 

tion comprising a plurality of MIS (Metal-Insulator- DETAILED DESCRIPTION OF THE 

Semiconductor) type memory transistors each having a INVENTION 
control gate electrode over a floating gate electrode, 2 o First, an EPROM device according to the present 
the peripheral circuit portion being formed around the invention will be described with reference to the sche- 
memory array portion and comprising a plurality of matic p j an v ; ew 0 f FIG. t 

MIS type transistors. .In FIG. 1, a semiconductor substrate 1 (semiebnduc- 

An EPROM of the nature described above requires tor pen et ) w hich is made of a silicon single crystal has 
the so-called scaling-down in which, in order to render 25 arranged on part of its major surface a memory array 
the integration density .high and the operating speed portion 2 constructed of a plurality of MIS type mem- 
high, the channel length (gate length) is made short and ory tra nsistors each of which has a gate electrode of a 
the thickness of a gate oxide film is made small. Since, two-layered structure. That is, each transistor has a 
however, writing into a memory requires a voltage floating gate electrode and a control gate electrode 
higher than that for the reading, there are some parts, 30 overlying the floating gate electrode. Arpund the mem- 
especially in the peripheral circuit portion, where the ory array portion (a decoder circuit $ (an input/output 
scaling-down is impossible. circuit 4jetc, all of which are constructed o£enhance- 

In, for example, an n-channel type EPROM, the writ- ment type MIS transistorsj^nhancement type MIS tran- 
ing voltage has typically been 25 V and the reading sistors having a high breakdown voltage structure^ etc. 
voltage 5 V. Accordingly, all the MIS type transistors 35 are arranged as peripheral circuit portions. Terminals f 
of the peripheral circuit portion have been put into a f or external connections 5 are arrayed along the mar- , 
structure capable of enduring the writing voltage, in ginal edge parts of the substrate 1. 
consideration of the simplification of a manufacturing FIG. 2 is a model sectional view which shows the t 
process. That is, the gate oxide films of the respective principle structure of the EPROM device according to 
MIS type transistors have had comparatively large 40 the present invention. In FIG. 2, A is an MIS type 
thicknesses of approximately 1,000 A. This has made it memory transistor of the memory portion, and B and C 
difficult to realize high speed reading. are MIS type transistors of the peripheral circuit por- 

tions. Transistor B is used for a circuit of a low voltage 
SUMMARY OF THE INVENTION ^ fof examplC| a 5 V type and transistor C for a 

In order to solve the above problem, the present 45 circuit of a high voltage type, for example, a 25 V type, 
invention uses an MIS type transistor having a thin gate The transistor A of the memory portion has, on a p " tv Pe 
oxide film and a short channel in a low voltage circuit substrate 1, a comparatively thin gate oxide film \ t \ (500 
portion for performing the reading operation, and an £), a first layer of polycrystalline silicon forming a gate 
MIS type transistor having a thick gate oxide film and a elect/ode G* a comparatively thick inter-layer oxide 
comparatively long channel in a high voltage circuit 50 film In (1,200. A), and a second layer of poly^* 111116 
portion for performing the writing operation. silicon forming a gate electrode Go The Mlb type 

It is accordingly an object of the present invention to transistor B of the peripheral circuit portion has a poly- 
provide a novel structure of a semiconductor integrated crystalline silicon gate electrode Gi which is formed on 
circuit device suitable for an IC, such as EPROM, the P-type substrate 1 through a comparatively thin 
which has a high density of integration and which in- 55 gate oxide film In (500 A). The MIS type transistor C 
eludes a high voltage circuit, and a method of manufac- has a polycrystalline silicon gate electrode G 2 which is 
turing the same. Another object of the present invention formed on the P-type substrate ^™*ha compara- 
is to provide a novel method of manufacturing an tively thick gate oxide film la (1,000 A). The P° lvcr y s * 
EPROM in which it is possible to freely set the thresh- talline silicon gates G, and G 2 in the respective MIS 
old voltages (V,/,) of MIS type transistors constituting a 60 type transistors B and C are formed by patterning he 
writing circuit and MIS type transistors constituting a same polycrystalline silicon layer used for forming the 
readme circuit a licon S ates c ^ of th ? MIS ty P? memorv transistors of 

The novel semiconductor integrated circuit device of the memory portion, i.e. a first ^w^vy*- 
the present invention includes a memory portion com- . FIG. 3 shows a modification of the EPROM device 
o ^SlStyS memory transistors, aLla peripheral 65 in FIG. 2 A point of difference from the »^** of 
portion composed of a plurality of MIS type transistors FIG. 2 is that, m the MIS type transistors B and C of the 
which differ at least in thicknesses of their gate insulat- peripheral portions the polycrystalline silicon gate G, 
ing films, formed on a single semiconductor substrate. and the polycrystalline sil.con G 2 are formed by pat- 
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terning the same polycrystalline silicon layer used for the substrate through the SiChfilm 11 by the ion implan- 

forming the silicon gates Gcof the MIS type memory tation process, whereby the p+-type channel stoppers 

transistors of the memory portion, i.e., a second conduc- 14a, 14b, 14c and 14d are formed, 

tor layer. (c) As shown in FIG. 6, the photoresist film 13 is 

In the semiconductor integrated circuit device of the 5 removed, whereupon the substrate 10 is heated in an 
present invention described above, the MIS type tran- oxidizing atmosphere. Thus, those surface parts of the 
sistor B of the low voltage type for executing a reading substrate 10 which are not covered with the S13N4 film 
operation has a comparatively thin gate oxide film and 12 (p+-type channel stoppers 14a, 14b t 14c and 14d) are 
has its channel length made approximately 3ji and com- oxidized to form 1000 A thick SiOi films for insulating 
paratively short, so that it can execute reading at high 10 isolation (hereinbelow, termed "field S1O2 films") 15a, 
speed. On the other hand, the MIS type transistor C of 156. 15c and lSd. These field Si02 films 15a, ISA, 15c 
the high voltage type for executing a writing operation and lSd divide the surface of the substrate 10 into sev- 
has a comparatively thick gate oxide film and has its eral areas (A, B, C and D). Among them, the area A 
channel length made approximately 5/x and compara- becomes a memory portion in which a plurality of MIS 
tively long, so that it can satisfactorily endure the writ- 15 type memory transistors are arranged, the area B be- 
ing voltage. As described above, the semiconductor comes a low voltage (5 V) portion in which a MIS type 
integrated circuit device of the present invention has a transistor providing a reding circuit is arranged, the 
device structure resulting in high speed and high den- area C becomes a high voltage (25 V) portion in which 
sity, which is very suitable for EPROMs. an MIS type transistor providing a writing circuit is 

In the semiconductor integrated circuit device de- 20 arranged, and the area D becomes a high breakdown \ 

scribed above, the gate electrodes of the respective MIS voltage portion in which an MIS type transistor having 1 

type transistors B and C in the peripheral circuit por- a gate electrode of a two-layered structure is arranged. | 

tions are formed of the same constituent material as that (d) As shown in FIG. 7, the Si3N4 film 12 and the 

of either the first layer or second layer of gate elec- underlying SiChfilm 11 are fully removed to expose the 

trodes of the MIS type memory transistors of the mem- 25 surface of the substrate 10, whereupon the exposed 

ory portion, whereby in manufacturing the device, the surface of the substrate 10 is thermally oxidized (with 

process is simplified, and the threshold voltages (Vth) of dry O2 at 1,000° C for 1 10 minutes), thereby to form 

the MIS type transistors constituting a writing circuit gate Si02 films 16a, 166, 16c and 16ct each approxi- 

and the MIS type transistors constituting a reading mately 800 A thick. 

circuit can be controlled and set at required values. 30 (e) In order to remove the gate Si02 films 16a and 16b 

According to one method of the present invention for formed on the respective areas A and B and to leave the 

manufacturing a semiconductor integrated circuit de- S1O2 films 16c and 16d formed on the respective areas C 

vice, in order to form gate oxide films of different thick- and D, a photoresist film 17 is selectively formed on the 

nesses on an identical semiconductor substrate, a gate substrate 10 as shown in FIG. 8. Before the gate S1O2 

oxide film is formed on different parts of one major 35 films 16a and 16b are etched and removed by employing 

surface of the semiconductor substrate. Thereupon the the photoresist film 17 as a mask, a preceding impurity 

parts of the gate oxide film which are not to be thickn- introduction for determining the threshold voltages of 

ened are removed and gate oxidation is carried out the memory transistors and the peripheral transistors is 

again. Further, in the above method, in order to adjust carried out in such a way that, using the photoresist film 

the threshold voltages (V^) of a gate having the thick 40 17 as a mask, a boron impurity is introduced into the 

oxide film and a gate having the thin oxide film, after substrate 10 through the gate Si02 films 16a and 16b of 

the first gate oxidation an impurity is ion-implanted into the areas A and B by the ion implantation process. At 

the parts which are not to be thickened, and, after the this time, the implantation energy is about 70 KeV. The 

subsequent gate oxidation, the ion implantation is car- impurity concentration of the surface of the substrate 

ried out again, whereby the impurity concentration 45 (areas A and B) in which the boron impurity is intro 

under the thick gate oxide film is made lower than that duced into the substrate 10 through the gate SiOj films 

under the thin gate oxide film. 16a and 166 of the areas A and B is about 2X10 11 

In the following Example 1, the case where the atoms/cm 2 . Boron is not introduced into the surface of 

method of manufacturing a semiconductor integrated the substrate underneath the field S1O2 films 15a, 156, 

circuit device according to the present invention is 50 15c and 154 and the photoresist film 17. 

applied to an EPROM device will be described with In cases where the control of the threshold voltage 

reference to the process sectional views of FIGS. 4 to (V,a) of the MIS type transistor of the high voltage 

18. portion is unnecessary, the impurity introduction above 

c described need not be executed. 

EXAMFLE 1 55 (p As shown in FIG. 9, the Si0 2 films 16a and 16b 

(a) As shown in FIG. 4, a 500 A thick SiC>2 (silicon which are not covered with the photoresist film 17 are 
dioxide) film 11 is formed by thermally oxidizing the etched to expose the substrate surface. 

surface of a P-type Si (silicon) single crystal substrate (g) After removing the photoresist film 17, gate oxi- 

10. Further, an Si3^4 (silicon nitride) film 12 approxi- dation (with dry O2 at 1,000° C. for 60 minutes) is car- 

mately 1,500 A thick is formed on the surface of the 60 ried out again as shown in FIG. 10. Owing to this gate 

S1O2 film 11. oxidation, S1O2 films 16a' and 166' approximately 500 A 

(b) As shown in FIG. 5, in order to form p+-type thick are formed on the areas A and B where the sub- 
channel stoppers preventive of parasitic channels within strate surface is exposed. On the other hand, in the areas 
those surface parts of the substrate 10 which are to C and D, the gate Si02 films grow still more, and the 
become insulating isolation portions, the Si3N4 film 12 is 65 thicknesses of the resultant Si02 films 16c' and 16d' 
selectively etched and removed by employing a photo- become approximately 1,000 A. Thereafter, in order to 
resist film 13 as a mask, and thereafter, a P-type deter- control the threshold voltage of the MIS type transistor 
mining impurity, for example, boron is introduced into of the high voltage portion to a desired value, a boron 
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impurity is introduced into the substrate 10 through the layers and the electrodes. These Si0 2 films play the role 

gate S1O2 film 16c' of the area C by the ion implantation of inter-layer insulating films. 

process. As this ion implantation, a mask for selective (j) A second layer 24 of polycrystalline Si is formed 

ion implantation such as photoresist film is not em- by the CVD process on the substrate 10 with substrate 

ployed, and hence, the boron impurity is also intro- 5 10 in the state shown in FIG. 12. The thickness of the 

duced into the substrate 10 corresponding to the areas polycrystalline Si layer 24 is about 3,500 A. The poly- 

A, B and D through the gate Si02 films 16a', 16b' and crystalline Si layer 24 is doped with phosphorus to give 

166'. At this time, the implantation energy is approxi- it a low resistivity. Thereafter, as shown in FIG. 13, 

mately 70 KeV. The impurity concentration of the using a photoresist film 25 as a mask, the polycrystaline 

substrate surface in which the boron impurity is intro- 10 Si layer 21 is successively and selectively etched to 

duced is 2x 10 11 atoms/cm 2 in parts of the areas C and form the control gate electrodes CG\ and CG2 and 

D. On the other hand, in the areas A and B, the preced- floating gate electrodes FGi and FG2 of the MIS type 

ing impurity introduction has been made as stated previ- memory transistors. 

ously, and hence, the impurity concentration becomes 00 removing the photoresist film 25, the gate 

4x 10 1 1 atoms/cm 2 . Through the impurity introduction 15 Si ° 2 film 16a' is etched. As shown in FIG. 14, using as 

[Mn this step, the threshold voltages of the MIS type a mask a photoresist film 26 formed anew, the polycrys- 

transistors of the memory portion, the low voltage por- talline Si layer 24 is selectively etched, to form intercon- 

tion and the high breakdown voltage portion are also nection layers L 2 and La fpHnt erconnecting the MI S 

controlled to desired values. ty pe transistors of t he peripheraLportionand j jToffiset 

According to this embodiment of the method, not- 20 gateelectr ode G 4 Jn irther, the exposed S1O2 films 236, 

withstanding that the thicknesses of the gate Si0 2 films ^ 236 Sl ° 2 film « 16*', 16c' and l&f are 

of the low voltage portion (area B) and the high voltage fcned and removed. 

portion (area C) are different, the values of the thresh- . * own in 1 FIG * * ' * fter amoving the photore- 

old voltages of the transistors formed in the respective „ ^ fdm n 26 \ the sub f at ? 10 « hea * d « dryOjat 1,000* 

portions become approximately equal because of the 25 ?\ f ? r 30 T^' to to ^ m f l ° 2fUm V a ° f 8 

surface impurity concentration of the substrate is var- 5 ™ A ™ * 6 SU J f * ces °J ? e . gate 

ied electrodes CGi, CG2, Gi, G2, G3 and G4 and the lnter- 

In the case where in step (e) the ion implantation is S™?^ IS?? *" 

not carried out after having formed the photoresist film , 0 2^£2S? °t 10°^ * CXP ° Sed "f!? 

ti :« „™ ,..uf * *u *i. u 1 j u c 30 P arts of t" e substrate 10. Thereafter, using as a mask the 

tVl £ \ 5.™ t , X ^ t g !f- ° f electrodes COu CG 2 , G,, G 2 , G 3 and G 4 and field 

the transistors to be formed m the low voltage portion | iQ fdms 15 m ^ an ' d ^ * fining 

and the high voltage por ion need not be equalized, the - it such M phosphorus ^ ^ fa 

impurity mtroduction in this step (g) has as its pnndpal introduced mto thc substrate 10 thr0 h the si02 film 

object controlhng to desired values the threshold vol- 35 21b b ion implailtation . Thereafter, the substrate 10 is 

tees of the MIS type transistors of the memory portion, subjected t0 a heat treatment) thereby t0 stretch and 

the low voltage portion and the high breakdown volt- diffuse the s rit introduced in the substrate 10 and 

age portion. Therefore, the impurity concentration of t0 form n . t pe source r ions Su g 2( S3 md §4 and 

the substrate surface is made 4X20" atoms/cm* in the n . type drain regions Dl , D 2 , D 3 and D 4 having a prede- 

ar ^ ^ . 40 termined depth. The stretching diffusion may also be 

(h) In order to form the following gate electrodes of accomplished by heat-treating the substrate 10 after 
the MIS type transistors of the memory portion, the depositing a PSG film in a step (n) to be described later, 
gate electrodes of the MIS type transistors of the pe- In forming the source regions Si, S 2 ... and the drain 
npheral circuit portion and a necessary interconnection reg ions Di, D2 . . . , the introduction of the impurity by 
layer, a 3,500 A thick polycrystalline Si (silicon) layer 45 ion implantation may also be replaced with a measure 
21 is formed on the substrate 10 by the CVD (Chemical wherein, after removing the photoresist film 26, phos- 
Vapor Deposition) process. As shown in FIG, 11, using phorus or arsenic is deposited onto the exposed surface 
a photoresist film 22 as a mask, the polycrystalline Si Q f the substrate 10 and is further subjected to the 
layer 21 is selectively removed, by a chemical etching stretching diffusion. The depth of these regions is 
process or the like, to form the gate electrodes Gi, G 2 50 0.3-0.5 ym, and the surface impurity concentration 
and G3 of the MIS type transistors within the peripheral thereof is lO^-lO' 6 atoms/cm 2 . 

circuit portion and an interconnection layer L|. The ( m ) As shown in FIG. 16, in order to readily form 
polycrystalline Si layer 21, the gate electrodes Gi, G 2 contact holes as will be described later, thc Si0 2 film 
and G3 and the interconnection layer Li are doped with 276 overlying the source regions S2, S3 and S 4 and the 
a phosphorus impurity in order to establish a low sheet 55 drain regions Di, D2, D3 and D4 arc selectively etched 
resistance. The doping with a phosphorus impurity is and removed by employing a photoresist film 28 as a 
carried out before depositing the photoresist film 22. mask. 

This doping with the phosphorus impurity, however, ( n ) As shown in FIG. 17, the photoresist film 28 is 
may also be carried out after forming the gate elec- removed, whereupon a phosphosilicate glass (PSG) 
trodes and the interconnection layer and removing the 60 film 29 is formed on the substrate 10 for the purposes of 
photoresist film 22. the stabilization of the substrate surface and the inter- 

(i) As shown in FIG. 12, after removing the photore- layer insulation. The thickness of the PSG film 29 is 
sist film 22, the substrate 10 is heat-treated (1 ,000' C, approximately 6,000 A. Using a photoresist film 30 as a 
1 10 minutes) in a dry O2 atmosphere. As a result, the mask, the PSG film 29 is selectively etched and rer 
respective surfaces of the polycrystalline Si layer 21, the 65 moved to form the contact holes Hi, H2, H3 . . . and H7. 
gate electrodes Gi, G2 and G3 and the interconnection (o) As shown in FIG. 18, after removing the photo re- 
layer Li are oxidized, and Si0 2 films 23a. 23b, 23c, 23d sist film 30, Al (aluminum) is evaporated^on to the sub- 
and 23e approximately 1,200 A thick are formed on the stratejO and is patterned to thereby fcrmarrintercon- 
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nection layer 31. Although not shown, the gate elec- Si which forms the control gate electrodes of the mem- 

trodes G3 and G4 are connected by the Al interconnec- ory portion. 

tion la yer. Now; another example in which this invention is 

By the method thus far described, the MIS type tran- applied to an EPROM device will be described with 

sistors Qi and Q2 of the memory portion are formed 5 reference to process sectional views shown in FIGS. 19 

along with an enhancement type MIS transistor Qe\ for to 26. 

reading, an enhancement type MIS transistor Qei for EXAMPLE 2 
writing and an enhanceme nt type MIS transistor Qsa 

having a high breakdown voltage as the MIS type tran- (a) Using the same steps as the steps (a)-(d) of Exam- 
sistors ofth e peri pheral portion. 10 1 as shown in FIG. 19, field Si0 2 films 41*, 41ft 41c 
The functional effects ofthe above embodiment will and 41d are formed on the surfaces of a p-type Si sub- 
now be explained. strate and Bate Si0 2 films 42a, 42* and 42c are 

(1) As apparent from FIG. 10, by performing the forme d to thicknesses of at most 500 A by gate oxida- 
thermal oxidation, the gate Si0 2 film 166' is formed in tion. The gate oxidation thickness is selected only m 
the area B anew, and simultaneously, the gate S1O2 film ™ consideration of a memory portion (area A). This is 
16c is shown to form the gate SiOz film 16c' in the area because the Si0 2 fihns 426 and 42c formed in a penph- 
C. Accordingly, gate Si0 2 films 166* and 16c' of the «fl ™ I* rt ™ (■«• ?^?h™ A Z ! 

unequal thickness can be easily formed on the major W1 » d 

P j* , „ u . . J n ory portion in which an MIS type memory transistor is 

SU mxK° V l ?V^Tr\ n *r «fth*t«n™ 20 arranged, t he area B is a low voltage (5 V) portio n in 

(2) The gate electrodes Gi, G 2 and G 3 of the transis- ^ an MIS type tnmsjsjo^^ 

tors of the peripheral circuit portion can be f^edby ^uTCrTa^ ^ voltage (25 

the seective etching of the first layer 21 of polycrystal- ^ ion in ^ ar ^ s t tran s T5o VconltlA 

line Si which has been formed in the beginning in he ,- ^^^0^^ " 

step 00. For this reason, even when, in forming he ^ ^ ^fo^g tne gaie g jo 2 f l]ms 42a, 426 and 42c, a 

Si0 2 film 23a as the inter-layer insulating film on the boron impurity is introduced into only the substrate of 

surface of the first layer 21 of polycrystalline Si in the thg ^ A through the gate SiQ2 fllm 42fl b y the ion 

memory portion (area A) m the step (1), phosphorus i mp i antation in order to control the threshold voltage 

undergoes diffusion out of the first layer of polycrystal- ^ of the memory transistor, 

line Si layer doped with the phosphorus, the presence of 3Q ^ As shown in FIG 20 in order to form the floating 

the gate electrodes G\, G 2 and G3 prevents the phos- gatc c i ectr ode of the memory portion, a polycrystalline 

phorous from being introduced into the substrate under- si layer having a thicknes of 3,500 A is formed on the 

neath the gate electrodes Gi, G 2 and G3. Accordingly, wno j e su b s t ra te 40 by the CVD process. This polycrys- 

the substrate surface impurity concentrations of the talline Si layer is doped with phosphorous by phospho- 

aresa B, C and D are not varied by the outward diffu- 35 rat i on . By selectively etching this polycrystalline Si 

sion. In the peripheral circuit portion, therefore, transis- i ayer( a polycrystalline Si layer 43 is formed on the gate 

tors having stable threshold voltages are obtained. S io 2 film 42a of the area A. Thereafter, the gate Si0 2 

(3) The impurity concentrations ofthe substrate sur- fi\ ms 42*7, 426 and 42c are etched to selectively expose 
face parts underlying the thin gate Si0 2 films 16c' and t h e surface of the Si substrate 40. 

166' are raised by the two ion implantations. Thus, the 40 ( c ) The second gate oxidation is carried out. In con- 
MIS type transistors formed in the substrate surface sideration of the outward diffusion of the phosphorus 
parts can be given comparatively low threshold volt- contained in the polycrystalline Si layer 43, before car- 
ages and can have their source — drain distances or rying out the gate oxidation, steam oxidation is executed 
channel lengths made short. a t a low temperature (800* C.) for 10 minutes so as to 

This makes it possible to fabricate a semiconductor 45 simultaneously form an SiCh film of 500 A on the sur- 
integrated circuit device of excellent electrical charac- f ace 0 f the polycrystalline Si layer 43. of the memory 
teristics and high density. portion (area A) and an Si0 2 film of 100 A on the sur- 

(4) Since the photoresist film 17 in the step (e) can be f ace of the exposed Si substrate. Thereafter, the Si0 2 
used as both the mask for the ion implantation and the films are etched to leave an SiG 2 film of 300 A on the 
mask for etching the Si0 2 film, the number of manufac- 50 surface of the polycrystalline Si layer and to fully re- 
tiring steps can be reduced. move the Si0 2 film formed on the surface of the Si 

(5) Since the inter-layer insulating Si0 2 film 23a of substrate. Subsequently, as shown in FIG. 21, the gate 
the transistors of the memory portion can be formed oxidation is performed in a dry O2 atmosphere at 1,000* 
separately form the gate Si0 2 , films 166', 16c' and 16a" C. for 110 minutes, thereby to form an SiC>2film (inter- 
of the transistors of the peripheral circuit portion, the 55 layer Si0 2 film) 44a of a thickness of 1,300 A on the 
thickness of the inter-layer insulating film can be set surface of the polycrystalline Si layer and Si0 2 films 
independently and arbitrarily. (gate Si0 2 films) 45a, 456 and 45c of thicknesses of 800 

(6) The gate electrodes of the transistors of the pe- A on the exposed surface of the substrate. Thereafter, 
ripheral circuit portion are made of the first layer of photoresist films 46a and 46b are selectively formed on 
polycrystalline Si layer which has been first formed and 60 the substrate 40 in a manner to cover only the area A 
which forms the floating gate electrodes of the memory and C of the substrate. Using the photoresist films 46a 
portion. Accordingly, the MIS type transistor Qb3 and 466 as a mask, a boron impurity is selectively intro- 
which has the two-layered polycrystalline Si gate elec- duced into only the substrate ofthe area B through the 
trode structure suitable fo ruse with high voltages can gate Si0 2 film 456 ion implantation. 

be formed in the penpEeral circu iUagrtjon without 65 (d) As shown in FIG. 22, using the photoresist films 

increasing the number of manufacturmgsteps . TfiaTTs, 46a and 466 as a mask, only the gate Si0 2 film 456 of the 

the gate electrode G 4 of the transistor Qej is formed by area B is fully etched to expose the substrate surface 40' 

selectively etching the second layer of polycrystalline implanted with boron. 
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(e) As shown in FIG. 23, the photoresist films 46a and 
46b are removed, and gate oxidation is conducted in the 
dry O2 atmosphere at 1,000" C for 60 minutes again. 
Thus, an interlayer SiOz film Ma having a thickness of 
1,600 A is formed on the surface of the polycrystalline 5 
SMayer 43 of the area A, a gate SiC^film 47B having a 
thickness of 500 A is formed on the substrate surface of 
the area B, and a gate Si02 film 47c having a thickness 
of 1,000 A is formed on the substrate surface of the area 

C. The gate S1O2 film 47c is obtained in such a way that 10 
the gate SiQ2 film 45c shown in FIG. 22 is grown by this 
gate oxidation treatment Thereafter, a boron impurity 
is introduced into the substrate by ion implantation. As 
a result, the surface impurity concentration of the sub- 
strate of the area B becomes 4X10 11 atoms/cm 2 , and 15 
that of the substrate of the area C becomes 2X10 11 
atoms/cm 2 . 

Also in this embodiment, in spite of the unequal thick- 
nesses of the gate S1O2 films of the low voltage portion 
(area B) and the high voltage portion (area C), the vai- 20 
ues of the threshold voltages of the transistors formed in 
the respective portions become substantially equal 
owing to the fact that the surface impurity concentra- 
tion of the substrate is varied. 

(f) A second layer 48 of polycrystalline Si is formed 25 
to a thickness of about 3,500 A by the CVD process on 
the substrate 40 with substrate 40 in the state shown in 
FIG. 23, and it is thereafter doped with phosphorus to 
be put into a low resistivity state. Subsequently, a pho- 
toresist film 49 is selectively formed as shown in FIG, 30 
24. Using the photoresist film 49 as a mask, the second 
layer 48 of polycrystalline Si is selectively etched to 
form the control gate electrode CG of the transistor of 
the memory portion in the area A, the gate electrode 
Gi of the transistor of the reading portion in the area B 35 
and the gate electrode G2 of the transistor of the writing 
portion in the area C. 

(g) As shown in FIG. 25, the exposed Si02 film 47a 
and the underlying polycrystalline Si layer 43 (FG) are 
selectivley etched. By this etching, the gate SiG2 films 40 
476 and 47c of the areas A, B and C are etched, and the 
substrate surface is somewhat etched. 

In this case, while etching the polycrystalline Si layer 
43 (FG), the side surfaces of the polycrystalline Si layer 
48 are etched. In order to prevent this drawback, the 45 
whole peripheral circuit portion is preferably covered 
with a photoresist film when etching the polycrystalline 
Si layer 43 (FG). 

(h) As shown in FIG. 26, after removing the photore- 
sist film 49, phosphorus or arsenic is deposited on the 50 
entire surface. Further, stretching diffusion is carried 
out in an oxidizing atmosphere, thereby to form n+- 
type source regions S\ and S2 and N+-type drain re- 
gions Di and D2. During the stretching diffusion, the 
gate electrodes CG, Gi and G2 are also doped with 55 
phosphorus. At this time; Si02 film 50 is formed on the 
surfaces of the regions Si, S2, Di and D2 and the sur- 
faces of the gate electrodes CG, Gi and G?. 

The deposition of phosphorus or arsenic may also be 
replaced with a measure wherein the substrate is ther- 60 
mally oxidized to form an Si02 film and the ion implan- 
tation of phosphorus or arsenic is subsequently carried 
out, followed by diffusion. 

Thereafter, the resultant substrate is processed simi- 
larly to the step (m) of Example 1 (FIGS. 16-18). 65 

With the process thus far described, MOS transistors 
which are formed with gate Si02 films of unequal thick- 
nesses and whose gate elctrodes are made of the poly- 
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crystalline Si layer of the second layer (upper layer) of 
the memory portion transistor are obtained in the pe- 
ripheral circuit parts of :the identical semiconductor 
substrate. 

Hereunder, the functional effects of Example 2 will 
be described. 

(1) As: apparent from FIG. 23, by performing the 
thermal oxidation in the oxidizing atmosphere, the new 
gate Si02 film Mb is formed in the area B, and simulta- 
neously, the gate Si02 film 45c is grown to form the gate 
SiCh film 47c in the area C. Accordingly, the gate Si02 
films Mb and 47c of: the unequal thicknesses can be 
readily formed on the major surface of the single sub- 
strate 40. 

(2) Since the second layer of polycrystalline Si is 
utilized for the gate electrodes of the peripheral circuit 
portion, the interconnection layout of the peripheral 
circuit portion is more restricted than in the foregoing 
Example 1. Since, however, the patterning of the sec- 
ond layer of polycrystalline Si is completed at once as 
shown in FIG. 24, the process can be simplified. 

(3) The formation of the gate Si0 2 film (42a) of the 
memory portion can be made independently of the for- 
mation of the gate S1O2 films (41b, 47c) of the peripheral 
circuit portion, and I hence, the thickness of the former 
film can be arbitrarily selected. . ; 

(4) Regarding the adjustments of V,Aof the peripheral 
circuit portion, the same effect as in the case of Example 
1 is achieved. 

The present invention can have various modifications 
in addition to the foregoing embodiments. For example, 
the second layer of polycrystalline Si can be replaced 
by a conductor layer which is made of a metal material 
such as Mo (molybdenum). Since Mo is a high melting 
point metal, it can play the role of an impurity mask for 
forming source and drain regions. An interconnection 
laye rformed o f such metal material h as lower inte rcon- 
nectian rqyistaT^pir in comparison with an interconnec- 
t ion layer mad e of polycrystalline Si, and can enhance 
the switching"speed Of an EFROM device. 

The memory array portion 2 according to the present 
invention (refer to, FIG. 1) is constructed as shown in 
the plan view shown of FIG. 27. In FIG. 27, numeral 15 
indicates a field of S1O2 film. CG indicates a control 
gate made of polycrystalline Sjj and forming a word line. 
FG denotes a floating gate electrode. Bi and B2 denote 
bit lines made of Al. CHi-CHj indicate contact^pxtions 
betw een the respective bit lines Bi-B? anj lfiesource or 
cTauTTegions formegLwithin the sub strate: 

A section taken along A — A' in FIG, 27 has the struc- 
ture of the area A in FIG. 18. A section taken along 
B— B' in FIG. 27 has a structure as shown in FIG, 28. 

What is claimed is: 

1. A semiconductor integrated circuit device com- 
prising: , , . 

a semiconductor substrate; .- 

field insulating films dividing said substrate into a 
number of predetermined areas; 

an MIS type memory array portion including a plu- 
rality of MIS type memory transistors disposed in a 
first one of said areas, said MIS type memory array 
portion being capable of writing and reading oper- 
ations under receipt' of high and low voltages, re- 
spectively; 

an MIS type peripheral circuit portion formed in said 
semiconductor substrate outside of said first area in 

. association with said MIS type memory array por- 
tion and comprising a plurality of MIS type transis- 
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tors which are formed at a second of said predeter- 
mined areas defined by said field insulating films, 
said plurality of MIS type transistors including at 
least first and second types of MIS type transistors 
which are capable of operating at said high and low 
voltages, respectively; 
said first type of MIS type transistors each including 
first source and drain regions formed in said semi- 
conductor substrate at said second predetermined 
area, a first gate insulating film extending over the 
surface portion of said semiconductor substrate 
between said first source and drain regions and 
having a substantially flat surface parallel to the 
underlying surface portion, and a first gate elec- 
trode formed on the flat surface of said first gate 
insulating film, said first gate insulating film having 
a thickness thinner than that of said field insulating 
films; and 

said second type of MIS type transistors each includ- 
ing second source and drain regions formed in said 
semiconductor substrate at said second predeter- 
mined area, a second gate insulating film extending 
over the surface portion of said semiconductor 
substrate between said second source and drain 
regions and having a substantially flat surface par- 
allel to the underlying surface portion, and a sec- 
ond gate electrode formed on the flat surface of 
said second insulating film, said second gate insu- 
lating film having a thickness thinner than that of 
said first gate insulating film. 

2. A semiconductor integrated circuit device as de- 
fined in claim 1, wherein the surface portions of said 
semiconductor substrate underlying said first gate insu- 
lating films of said first type of MIS type transistors 
have a first impurity concentration and the surface por- 
tions of said semiconductor substrate underlying said 
second gate insulating films of said second type of MIS 
type transistors have a second inpurity concentration 
different from said first impurity concentration. 

3. A semiconductor integrated circuit device as de- 
fined in claim 1, wherein the surface portions of said 
semiconductor substrate underlying said first gate insu- 
lating films of said first type of MIS type transistors 
have the same impurity concentration as the surface 
portions of said semiconductor substrate underlying 
said second gate insulating films of said second type of 45 
MIS type transistors. 

4. A semiconductor integrated circuit device as de- 
fined in claim 2, wherein said first impurity concentra- 
tion is lower than said second impurity concentration so 
that said first and second types of MIS type transistors 50 
have approximately equal threshold voltages to each 
other. 

5. A semiconductor integrated circuit device as de- 
fined in any one of claims 1-3, wherein each of said 
plurality of MIS type memory transistors has a floating 55 
gate electrode formed on a gate insulating film covering 

a portion of the predetermined area in said first location, 
and a control gate electrode overlying said floating gate 
electrode. 

6. A semiconductor integrated circuit device com- 60 
prising: 

a semiconductor substrate of a first conductivity type; 

field insulating films dividing said substrate into a 
number of predetermined areas; 

a plurality of MIS type transistors formed in said 65 
predetermined areas of said semiconductor sub- 
strate, said plurality of MIS type transistors includ- 
ing at least first and second types of enhancement 
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mode transistors which are capable of operating at 
high and low voltages, respectively; 

said first type of enhancement mode transistors each 
including first source and drain regions of a second 
conductivity type opposite to said first conductiv- 
ity type formed in said semiconductor substrate at 
said predetermined areas, a first gate insulating film 
extending over the surface portion of said semicon- 
ductor substrate between said first source and drain 
regions having a substantially flat surface parallel 
to the underlying surface portion, and a first gate 
electrode, formed on the flat surface of said first 
gate insulating film, for forming a channel region at 
the surface portion of said semiconductor substrate 
between said first source and drain regions, said 
first gate insulating film having a thickness thinner 
than that of said field insulating films; 

said second type of enhancement mode transistors 
each including second source and drain regions of 
said second conductivity type formed in said semi- 
conductor substrate at the predetermined area, a 
second gate insulating film extending over the sur- 
face portion of said semiconductor substrate be- 
tween said second source and drain regions and 
having a substantially flat surface, and a second 
gate electrode, formed on the flat surface of said 
second insulating film, for forming a channel re- 
gion at the surface portion of said semiconductor 
substrate between said second source and drain 
regions, said second gate insulating film having a 
thickness thinner than that of said first gate insulat- 
ing film; and 

each of said surface portions serving as the channel 
regions of said first type of transistors having a first 
impurity concentration of said first conductivity 
type, while each of said surface portions serving as 
the channel regions of said second type of transis- 
tors has a second impurity concentration of said 
first conductivity type higher than said first impu- 
rity concentration. 

7. A semiconductor integrated circuit device as de- 
fined in claim 6, wherein sid first and second impurity 
concentrations are defined so that said first and second 
types of transistors have enhancement mode threshold 
voltages approximately equal to each other. 

8. A semiconductor integrated circuit device com- 
prising: 

a semiconductor substrate having a major surface; 

a field insulating layer formed on the surface of said 
substrate and dividing said major surface into plu- 
ral areas; 

a first type of enhancement mode MIS transistors 
formed in ones of said plural areas, said first type of 
MIS transistors each including a gate insulating 
film having a thickness thinner than that of said 
field insulating layer; 

a second type of enhancement mode MIS transistors 
formed in others of said plural areas, said second 
type of MIS transistors each including a gate insu- 
lating film each having a thickness thinner than 
that of said gate insulating film of said first type of 
MIS transistors; 

wherein each of the surface portions of said semicon- 
ductor substrate underlying the gate insulating 
films for said first type of MIS transistors has an 
impurity concentration lower than that of each of 
the surface portions of said semiconductor sub- 
strate underlying the gate insulating films for said 
second type of MIS transistors thereby defining 
enhancement mode threshold voltages of both said 

first and second types of transistors. 

***** 
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